Adult female Richardson's ground squirrels (Spermophilus richardsonii) spend 84% of their lifetime either sleeping underground at night during the active season or hibernating underground. To assess their use of subterranean sites, 46 females were radiocollared for periods ranging from a few days to 4.5 years. Adult females typically slept in 6-11 different chambers throughout the 15-week active season and used a single site for the 37-week hibernation season. For the 1st half of the active season, which encompassed mating, pregnancy, and lactation, squirrels usually slept in 5-6 different chambers, with each sleep site generally used once for a prolonged period of consecutive nights. In contrast, in the latter half of the active season, females moved back and forth between 5-6 sleep sites. For both females that did and did not wean a litter, this switch in sleep-site usage occurred abruptly, about 40 days before entry into hibernation. Females always slept in the future parturition chamber for some or all of gestation, and they always continued to sleep in the parturition site for some or all of lactation. In contrast, adult females never slept in the future hibernation site on any night during the preceding active season. Only 50% of the females used the hibernaculum for sleeping after hibernation, and then only for 1-5 nights. The marked contrast in prior usage of the parturition site and hibernation site indicates that the hibernaculum chamber of adult female Richardson's ground squirrels is dedicated to the forthcoming hibernation period, whereas the parturition site is a multipurpose chamber used for sleeping during gestation, for parturition, and for sleeping and litter rearing during lactation.
Because North American species of ground squirrels (Spermophilus) are medium-sized, diurnally active, hibernating rodents that live in relatively open habitats, they have been popular subjects for behavioral and ecological studies (Byrom and Krebs 1999; Hare 1998; Lacey et al. 1997; Michener 1998; Murie and Michener 1984) . Such studies focus on aboveground behavior, but ground squirrels spend the majority of their lives sleeping and hibernating, behaviors that occur underground. King (1984) drew attention to the limited knowledge about underground aspects of the lives * Correspondent: michener@uleth.ca of ground-dwelling squirrels, but such information still remains scarce and largely confined to descriptions of burrow architecture and hibernaculum contents (Bihr and Smith 1998; Michener 1993; Valdez and Ceballos 1991; Yensen et al. 1991; Young 1990a) . As part of radio-telemetric studies of hibernation in Richardson's ground squirrels (S. richardsonii), I ascertained that although hibernacula are excavated and filled with bedding in advance of hibernation and, for some males, provisioned with a seed cache, squirrels rarely use the hibernaculum as a sleeping chamber immediately before hibernation (Michener 1992 (Michener , 1993 . Of 33 animals radiocollared in 5 active seasons for whom I knew sleeping locations for 8-58 consecutive nights preceding immergence into hibernation, all 3 adults and 28 of 30 juveniles slept in sites other than the future hibernaculum chamber. In contrast, about 50% of the animals did sleep in the hibernaculum for a few nights immediately after emergence the next spring (Michener 1992) , so the site was suitable for sleeping.
Hibernation is a life stage in which ground squirrels are sequestered underground for several months while in a vulnerable state. Depending on age and sex, Richardson's ground squirrels hibernate for about 4 (juvenile males), 6 (juvenile females), or 8 (adult males and adult females) continuous months (Michener 1998) . Because most of the hibernation season is spent in the physiological state of torpor (Michener 1992; Young 1990b ), ground squirrels are minimally able to respond to adverse changes in nest conditions that result from factors such as parasitism, predation, or flooding. Given that Richardson's ground squirrels prepare the hibernaculum in advance but rarely sleep in it (Michener 1992 (Michener , 1993 , advantages presumably accrue to individuals that overwinter in a site dedicated to hibernation, rather than in a dualpurpose site used for both sleeping and hibernation.
Infancy is another life stage in which ground squirrels are sequestered underground for a lengthy period. Females give birth underground to a single litter per year, and the altricial infants have limited locomotory capability until shortly before they emerge aboveground, at the age of 28-30 days for Richardson's ground squirrels (Michener 1985) . Consequently, infants have little ability to respond to adverse conditions in the nest unless the mother intervenes. Litter size at birth and at weaning is typically 6-8 for Richardson's ground squirrels (Michener 1989) , so moving a litter by carrying 1 infant at a time (Michener 1971 ) is potentially a risky and time-consuming task. If vulnerable life stages tend to occur in dedicated single-purpose sites, then pregnant females would be expected to prepare the parturition site during gestation but not use it until the final night of pregnancy.
Richardson's ground squirrels commonly mate underground (Michener and McLean 1996) , they always give birth underground, and they retreat underground during the diurnal activity period to avoid inclement weather and predators, to suckle infants, and probably to nap. Such uses of underground sites are, however, brief compared with the periods spent sleeping overnight (Ͼ8 h per night) and hibernating (Ն4 months). The overall goal of this study was to characterize the use of subterranean sites used for sleeping and hibernation by adult female Richardson's ground squirrels throughout their entire annual cycle. I particularly sought to determine whether females avoided sleeping in the future parturition site during pregnancy and avoided sleeping in the future hibernation site throughout the preceding active season. Concomitantly, I assessed seasonal changes in use of subterranean sites in relation to the changing reproductive status (before mating, pregnancy, lactation, postreproduction) of females.
MATERIALS AND METHODS
Richardson's ground squirrels were studied at a site, located 5 km E and 1 km S of Picture Butte, Alberta, Canada (49Њ52ЈN, 112Њ43ЈW; elevation 870 m), on which all animals were of known age and maternal kinship (Michener 1992 (Michener , 1996 . Ground squirrels were uniquely identified for life with a numbered tag inserted in each ear on 1st capture, usually as newly emerged juveniles. For observational purposes, all adults (Ն1 year old) were also identified by unique dye marks on the fur that were renewed after each molt.
I observed 12 adult females on 61 evenings and 80 mornings from 3 March to 3 July 1997 to determine the times at which they retired underground in the evening and emerged aboveground in the morning. I then calculated the av-erage retirement and emergence times for each focal female over weekly intervals and used these average times to assess the amount of time per night that each female spent in her sleep site for each week of the active season.
From 1993 to 1998, I radiocollared 46 adult female Richardson's ground squirrels for periods ranging from a few days to 4.5 years; 2 of these females had also been radiocollared as juveniles. Ground squirrels were collared with temperature-sensitive radio transmitters (model UL81T, Austec Electronics, Edmonton, Alberta, Canada or model SM1-H or G3, AVM Instrument Company, Livermore, California) that weighed about 10 g. Animals were restrained in a cloth handling bag while the radiocollar was slipped over the head and adjusted to fit the neck. Radiocollared ground squirrels were retrapped at intervals of 1-3 weeks to readjust the fit of the collar relative to seasonal changes in body mass. In 1993, collars on most females were attached during gestation, removed after parturition, then reattached later in lactation. In subsequent years, females were usually radiocollared from the day they emerged from hibernation in spring until their death from natural causes.
Radio-transmitter signals were used to locate adult female Richardson's ground squirrels when sleeping or hibernating underground. During the active season, I located radiocollared females in their sleep sites after they retired for the night, and I usually relocated them again the next morning before they emerged for the day. On average, I recorded sleep-site location 42 min after sunset (703 nights in 6 active seasons) and 10 min after sunrise (654 mornings in 6 active seasons). During the hibernation season, body temperature of radiocollared females was obtained twice daily, at approximately 12-h intervals. Radio-transmitter signals were detected with LA12-DS or LA12-Q receivers using a 3-element Yagi antenna (AVM Instrument Company, Livermore, California). Females were considered to be within a subterranean site if the radio-transmitter signal maintained constant strength and stationary position. The hibernaculum was identified as the location occupied by a squirrel on termination of aboveground activity and in which it subsequently became heterothermic, undergoing consecutive bouts of torpor.
I identified the location of each sleep site and hibernation site occupied by a radiocollared female as the point at which her radio-transmitter signal was loudest on 2 intersecting transects. I then marked the ground surface at this point with spray paint and with a wooden block indicating the female's identity and the sequential number of the site for that female. I recorded each surface location to the nearest 0.1 m with reference to a common grid point on the study site. Excavation of 35 sites (17 sleep sites and 18 hibernacula), usually after the adult female had died of natural causes but occasionally to retrieve a radiocollar that had fallen off underground, revealed that radio telemetry identified location to Յ38 cm of a point directly above the chamber. The mean Ϯ SE horizontal error between the radio-telemetry location and the center of the chamber was 19.8 Ϯ 2.6 cm, and the mean maximum horizontal diameter of chambers was 21.8 Ϯ 0.5 cm (n ϭ 22 sites with both measurements recorded to the nearest 0.5 cm).
To assess whether adult female Richardson's ground squirrels remained in the same underground location overnight, I analyzed those nights on which I located squirrels both after evening retirement and again before they emerged next morning. Because squirrels responded to subterranean predators by attempting to escape, sometimes even coming aboveground and seeking refuge in another burrow system, I excluded nights on which a focal female's burrow system had been invaded by a long-tailed weasel (Mustela frenata; based on observation of a resident weasel) or a North American badger (Taxidea taxus; based on the appearance of badger excavations overnight). For analyses of night-to-night changes in sleep-site location, 1 site was assigned as the sleep site for each night. For most nights and most females this assignment was the site in which the female spent the entire night. For nights when a female moved between chambers, the site that she more consistently used on consecutive nights was assigned as the primary sleep site.
The active season of adult female Richardson's ground squirrels is marked by a series of distinct biological events: emergence from hibernation, mating, parturition, 1st emergence of the litter aboveground, and immergence into hibernation. These events occur in a predictable sequence with similar latencies between events for all females, though the calendar dates of these events vary among individuals and between years (Michener 1985 (Michener , 1989 . Dates of these biological events were known for each ra-FIG. 1.-Time spent underground sleeping at night or hibernating by adult female Richardson's ground squirrels. Data are weekly averages for 12 focal females whose times of evening retirement and morning emergence were observed on 61 evenings and 80 mornings (3 March-3 July 1997). Mean date of emergence from hibernation was 10 March (n ϭ 12) and of immergence into hibernation was 1 July (n ϭ 9). Arrows marked Birth and Litter emerge indicate mean dates of parturition (9 April, n ϭ 12) and of 1st emergence of the litter (7 May, n ϭ 12). Dotted curve gives number of hours of darkness, calculated from sunset to sunrise, at weekly intervals. diocollared female from a combination of daily censusing, behavioral observations, and livetrapping to inspect genitalia and mammae. Emergence from hibernation, litter emergence, and immergence into hibernation are normally daytime events, whereas mating usually occurs near sunset (Michener and McLean 1996) , and parturition generally occurs during the night. I determined the number of sleep sites used by females in the following intervals: emergence to mating (from 1st night of active season to night on which the female mated), pregnancy (from subsequent night to last night of pregnancy), lactation (from night of parturition to last night before litter emergence), and postreproduction (from night after 1st emergence of juveniles to night before the female entered the hibernaculum). I used a combination of radio-tracking mothers as they moved underground, observation of which burrow openings mothers used to access sleep sites, and observation of mothers carrying their infants aboveground to detect when females moved the preweaned litter between burrow systems.
For convenience, the interval from parturition to 1st emergence of the litter aboveground is referred to as lactation because it coincides with the period during which offspring are continuously sequestered below ground and are dependent on milk. Juveniles eat vegetation immediately on emergence, and the mother's nipples dry within 2-3 weeks. Juveniles molt their infant fur when they are about 50 days old (i.e., about 20 days after 1st emergence aboveground), by which time they are nutritionally independent of the mother, so I further subdivided the postreproduction interval into 2 periods: after litter emergence (the 20 nights after 1st emergence of the litter) and prehibernation (the remaining nights before the female immerged).
Richardson's ground squirrels normally wean a litter each year, but I did obtain complete sleep-site records for 7 females that did not wean a litter, either because they did not get pregnant (n ϭ 3, of which 2 were known to have mated) or the litter died postpartum (n ϭ 4; litter losses occurred 2, 15, 24, and 25 days postpartum and were attributable to inclement snowy weather, unknown cause, weasel predation, and weasel predation, respectively).
Values are reported as mean Ϯ SE, and statistical significance was set at P Ͻ 0.05. For females radiocollared for Ͼ1 year, use of subterranean sites was examined across years to determine whether age or experience affected usage patterns.
RESULTS

How much time did females spend underground sleeping and hibernating?-
Adult female Richardson's ground squirrels spent 84.2 Ϯ 0.2% of the 1997-1998 annual cycle either in overnight sleep sites or in the hibernaculum (n ϭ 8). On emergence from hibernation, females switched abruptly from spending 24 h a day in the underground hibernaculum to spending about 14-15 continuous hours underground in overnight sleep sites (Fig. 1 ). Overnight time in underground sleep sites declined with increasing daylength, reaching a minimum of 9-10 h in May and June. Overall, females retired 76 Ϯ 5 min before sunset and emerged 76 Ϯ 3 min after sunrise (n ϭ 61 evenings and 80 mornings, respectively). In the week preceding each animal's entry into hibernation, females retired earlier and emerged later relative to sunset and sunrise, such that overnight time in sleep sites increased to 11.0 Ϯ 0.3 h (n ϭ 9) in late June, when the sunset-to-sunrise interval attained an annual minimum of 7.7 h (Fig. 1) . Females then entered hibernation and remained continuously underground in the hibernaculum until the next spring. Duration of the annual cycle, from emergence in spring 1997 to emergence in spring 1998, was 365 Ϯ 4 days (range: 349-377 days, n ϭ 8).
Did females use the parturition site prepartum?-All female Richardson's ground squirrels slept in the subterranean chamber in which they subsequently gave birth for some or all of their pregnancy (n ϭ 51 pregnancies for 34 females). Among females for whom the 1st night of usage of the future parturition site was known, 85% (40 of 47 pregnancies) began sleeping in that chamber either in the last trimester (n ϭ 20 pregnancies for 16 females) or middle trimester of pregnancy (n ϭ 20 pregnancies for 14 females). The remaining females (n ϭ 7 pregnancies for 7 females) slept in the future parturition site for Ն15 nights prepartum; of these, 2 individuals spent every night of their pregnancy sleeping in the future parturition chamber.
The mean number of consecutive nights spent in the parturition chamber immediately prepartum was 9.4 Ϯ 0.9 (n ϭ 42 pregnancies for 29 females), and the mean cumulative number of nights slept in the parturition chamber any time prepartum was 11.1 Ϯ 0.9 (n ϭ 41 pregnancies for 27 females). The most common usage pattern (27 pregnancies for 20 females) was for females to spend 1 continuous bout of consecutive nights sleeping in the future parturition site immediately prepartum (Fig. 2) . A few pregnant females did not sleep in the parturition site on the final 1-4 nights prepartum, though they had slept there earlier in gestation (3 pregnancies for 3 females), and some females slept in the parturition site both immediately prepartum and on 1-3 earlier occasions (11 pregnancies for 10 females).
Female kin (mothers, daughters, and sisters) commonly slept together immediately after emergence from hibernation but ceased sharing sleep sites prepartum. Usually (76% of 38 pregnancies for 26 females known to have slept with kin), females moved to another sleep site, but 8 females (9 pregnancies) gave birth in a site that they had shared with female kin earlier in gestation.
Females rarely reused parturition sites for birthing or for sleeping in subsequent years. Of 17 pairs of years in which the parturition site was known for consecutive pregnancies (n ϭ 13 females), reuse occurred only twice; a 2-year-old and a 3-year-old gave birth in the previous year's parturition site. Two other females slept in the previous year's parturition site during early pregnancy but then gave birth elsewhere. The mean distance between parturition sites used in consecutive years for females that used new sites was 12.3 Ϯ 2.4 m (n ϭ 15 squirrelseasons for 12 females). For the longestlived radiocollared female, distances between consecutive parturition sites used from 1 through 5 years of age were 16.7, 0, 17.4, and 13.9 m.
Did females use the parturition site postpartum?-All females continued to sleep in the parturition site for some or all of lactation but most (83% of 41 lactation seasons for 24 females) moved the litter to another chamber at least once during lactation. Litter size at emergence from the natal burrow did not differ significantly between mothers that did move the litter (6.2 Ϯ 0.3, n ϭ 31; 3 litters did not survive to emergence) and those that did not (6.3 Ϯ 0.5, n ϭ 7; t ϭ 0.08, d.f. ϭ 36, P Ͼ 0.90).
Among females that moved the litter (34 lactation seasons for 22 females), most (85%) transferred their infants during the 1st half of lactation (9.0 Ϯ 0.7 days postpartum, n ϭ 29). Females that moved the litter a 2nd time during lactation did so, on average, 6.3 Ϯ 0.8 days after the 1st move (n ϭ 22 lactation seasons for 17 females). Only 7 females moved the litter more than twice during lactation. Overall, females were more likely than expected to move the litter to a new chamber when infants were Ͻ20 days old than when they were 20-29 days old (78% and 22% of 72 litter transfers, respectively; 2 ϭ 4.79, P Ͻ 0.05). The straight-line distance between consecutive sleep sites used during lactation was 6.1 Ϯ 0.8 m (n ϭ 72 litter transfers made by 22 females in 34 lactation seasons). Of litter transfers for which I could determine whether or not consecutive sleep sites were part of the same burrow system, mothers usually (71% of 62 transfers) moved infants to another chamber within the same burrow system (mean distance ϭ 3.3 Ϯ 0.2 m, n ϭ 44). Of litters transferred to another burrow system, most (16 of 18) were moved to a chamber Ͻ15.0 m away (mean distance ϭ 8.4 Ϯ 0.8 m), but 1 mother moved her litter of 6 infants to a burrow system 40 m away and then back again.
Did females spend the entire night in the same sleeping chamber?-Adult females were sedentary (staying in the same chamber for the entire night) on 92% of nights throughout the active season (Table 1) . On nonsedentary nights, females moved between sleeping chambers in the same burrow system. The longest surviving female spent the entire night in the same sleeping chamber on 87%, 97%, 100%, 89%, and 100% of nights from 1 through 5 years of age. The least sedentary female, a yearling that made within-night changes on 27% of nights, was sedentary on every night as a 2-year-old. Thus, females did not exhibit strong year-to-year consistency in their propensity to spend the entire night in 1 sleeping chamber.
Sedentary nights were significantly more frequent before litter emergence than after (Table 1) . Females were most sedentary during pregnancy and least sedentary in the 20 nights after 1st emergence of the litter ( Table 1 ). Females that did not wean a litter were extremely sedentary during the night throughout the active season (Table 1) .
How many sleep sites did females use each active season?-Most (84% of 25 squirrel-seasons for 14 females) adult fe- male Richardson's ground squirrels used 6-11 sleep sites from emergence to immergence (Table 2 ; Fig. 2 ). Among females with multiple years of data, the number of sites used in different years sometimes differed substantially. For example, a female that used only 3 sites as a 2-year-old had used 8 sites the previous year, and a female that used 18 sites as a yearling used 11 sites the next year.
Moves from 1 sleep site to a new sleep site for that active season typically were preceded by periods of intense grass-gathering 0-3 days before the move. As examples, on the day on which they began sleeping in the future parturition site, 2 pregnant females took 65 and 63 consecutive loads of dry grass underground in 69 and 83 min, respectively. These females spent only 10-11 s unloading grass underground, indicating that they did not spend time fashioning the material into a nest until after a large amount of material had been collected.
Did females reuse sleep sites within an active season?-All females returned to sleep sites they had used earlier in the active season, thereby using some sleep sites multiple times during the active season (Fig. 2) . Consequently, the total number of sleeping bouts (consecutive nights spent in the same site) always exceeded the total number of sleep sites (Table 2; Fig. 2 ). The longest-lived radiocollared female had Ն20 sleeping bouts in Ն11 sleep sites as a yearling (when data were not available for 25 nights), then 20 bouts in 10 sites, 16 bouts in 5 sites, 32 bouts in 8 sites, and 19 bouts in 10 sites in the subsequent 4 years.
Did patterns of sleep-site use vary seasonally?-Although pregnancy was about 1 week shorter than lactation, female Richardson's ground squirrels tended to use more sleep sites during pregnancy than lac- a Mean duration of period, except for after litter emergence (ϭ20 nights after 1st emergence of litter). Females that did not wean a litter had a significantly shorter active season (90 Ϯ 4 days, n ϭ 7) than females that did wean a litter (107 Ϯ 2 days, n ϭ 18; t ϭ 4.67, d.f. ϭ 23, P Ͻ 0.001).
b Based on number of squirrel-seasons. c The majority of females (79% of 34 squirrel-seasons) had a single estrus 2-6 days after emergence from hibernation. Because of inclement weather or remating, the remaining females had a delayed estrus or 2nd estrus 8-14 days after emergence.
d Based on females that weaned a litter.
tation (Table 2 ). Most females used either 2 (24% of 38 squirrel-seasons), 3 (42%), or 4 (26%) sleep sites during pregnancy but only 1 (21% of 38 squirrel-seasons), 2 (50%), or 3 (18%) sleep sites during lactation. During both pregnancy and lactation, females tended to use a given sleep site for just a single bout of sleeping, rarely returning to a previous sleep site (Fig. 2) . Consequently the number of sleeping bouts per sleep site was similar for pregnancy (1.2 Ϯ 0.1 bouts per site, n ϭ 38) and lactation (1.2 Ϯ 0.1 bouts per site, n ϭ 38). Females that weaned litters typically used 5 or 6 sleep sites both before and after the litter 1st emerged aboveground (Table  2) , but the number of sleeping bouts per site differed markedly. Because females frequently changed sleep sites after litter emergence, often returning to a previously used site (Fig. 2) , the number of sleeping bouts per sleep site was about 3-fold higher after litter emergence (3.6 Ϯ 0.2 bouts per site, n ϭ 31) than before litter emergence (1.3 Ϯ 0.1 bouts per site, n ϭ 24; t ϭ 8.00, d.f. ϭ 53, P Ͻ 0.001). Characteristically this switch in sleep-site usage, from a few long bouts per sleep site to many short bouts per sleep site, was marked by a sharp decline in sleeping-bout duration (Fig. 2) , from 26.7 Ϯ 2.7 nights for the last sleeping bout before switching to 2.7 Ϯ 0.5 nights for the 1st bout after switching (n ϭ 33 squirrelseasons for 24 females).
For 89% of mothers (n ϭ 37 squirrelseasons for 26 females), the switch from long to short sleeping bouts was so abrupt that I could assign initiation of switching behavior to a specific date. The switch in sleep-site usage occurred 41.3 Ϯ 1.4 days postpartum, when litters had been active aboveground for 11.9 Ϯ 1.5 days (n ϭ 33 squirrel-seasons for 24 females). Although the mean number of sleep sites used before switching (4.7 Ϯ 0.4, n ϭ 19 squirrel-seasons) and after switching (5.4 Ϯ 0.4, n ϭ 28 squirrel-seasons) was similar (t ϭ 1.25, d.f. ϭ 45, P Ͼ 0.20), the mean duration of sleeping bouts declined significantly from 14.3 Ϯ 1.6 nights per bout before switching to 2.5 Ϯ 0.1 nights per bout after switching (t ϭ 9.00, d.f. ϭ 45, P Ͻ 0.001).
Did weaning status affect number of sleep sites used?-Although females that did not wean a litter had a significantly shorter active season than females that did wean a litter, the numbers of sleep sites and sleeping bouts were similar for females with and without litters ( Table 2) . Furthermore, most (5 of 7) females that did not wean a litter exhibited a seasonal sleeping pattern similar to that of females that did wean a litter, with a distinct switch from a few long sleeping bouts to frequent short bouts per sleep site (Fig. 2b) . Mean duration of sleeping bouts for these 5 females was 8.6 Ϯ 1.4 nights per bout before switching and 2.9 Ϯ 0.5 nights per bout after switching. Two females without litters tended to switch sites throughout the active season, a pattern also exhibited by 2 females that weaned litters.
When the time at which the switch from long to short sleeping bouts was measured relative to emergence from hibernation, females that did not wean a litter began switching significantly earlier in the active season than females that did wean a litter (49.0 Ϯ 4.4 nights posthibernation for 5 nonweaners and 66.1 Ϯ 1.6 nights for 33 weaners, t ϭ 3.85, d.f. ϭ 36, P Ͻ 0.001). In contrast, when expressed relative to immergence into the next hibernation, switching began at a similar time (40.0 Ϯ 4.2 nights prehibernation for 5 nonweaners and 42.1 Ϯ 2.2 nights prehibernation for 29 weaners, t ϭ 0.37, d.f. ϭ 32, P Ͼ 0.70).
Did females use the hibernaculum site for sleeping before hibernation?-None of the adult females with all sleep sites known for the entire active season (n ϭ 25 squirrelseasons for 14 females) slept in the future hibernaculum site that active season. Likewise, none of an additional 14 females with sleep sites known for 76-98% of nights in the active season slept in the future hibernaculum.
Gathering of dry grass for bedding did not immediately precede the final move into the hibernaculum at the end of the active season. Observations of females taking grass to a site that was not used for sleeping but which coincided with the location at which that animal subsequently hibernated indicated that provisioning of the hibernaculum with bedding occurred 33-40 days in advance of its use (38.2 Ϯ 1.3 days, n ϭ 5 females).
Once females ceased aboveground activity, the 1st torpor bout commenced 2.7 Ϯ 0.2 days thereafter (n ϭ 37 hibernation seasons for 25 females). In the interval between cessation of aboveground activity and initiation of torpor, variation in strength and position of the radio signal indicated that many females made short (usually Ͻ2 m, but sometimes up to 3.5 m) underground forays from the hibernaculum chamber. Though I only checked the location of newly sequestered females 2-4 times per day, I detected such underground movements in 54% of 37 hibernation seasons. When I excavated hibernacula, either after the female died underground (n ϭ 5) or after emergence the next spring (n ϭ 5), I found that the hibernaculum chamber was within a succinct system that did not connect to adjacent burrow systems. Although hibernaculum systems of adult females that died in hibernation did not connect to the surface, they included a blind-ending tunnel that terminated near the surface. In comparison, hibernaculum systems of females that had emerged in spring included a similar tunnel that evidently had been opened to the surface from underground, as indicated by the lack of soil around the opening. The architecture of hibernation systems suggests that underground movements of newly sequestered females were associated with sealing off underground connections into the system. I was unable to determine whether the blind-ending future exit tunnel was already excavated before immergence or whether it was excavated in the interval between immergence and the 1st torpor bout.
Most adult female Richardson's ground squirrels (71% of 38 squirrel-seasons) hibernated Ͻ12 m from that year's parturition site, at a mean distance of 5.5 Ϯ 0.6 m (n ϭ 27); the remainder hibernated 12-34 m from the parturition site (n ϭ 11). Because the hibernaculum site could only be identified retrospectively (after the female had immerged, plugged connections into other burrow systems, and entered torpor), I could not determine the spatial association between a female's hibernation system and her parturition system.
Richardson's ground squirrels always hibernated alone within an isolated hibernation system. Hibernation sites were known from radio telemetry for 11 mother-adult daughter pairs, 12 mother-juvenile daughter pairs, 6 mother-juvenile son pairs, and 8 adult litter-mate sister pairs. Although some kin hibernated within 5 m of each other, possibly in hibernation systems that they had excavated as offshoots from the same burrow system, only a single animal occupied a hibernaculum chamber.
How many hibernacula did females use?-Adult female Richardson's ground squirrels normally spent the entire hibernation season in a single hibernaculum, and they rarely reused a hibernaculum for hibernation in a subsequent year. Among females that survived to the next spring (n ϭ 16), 24 of 25 hibernation seasons were spent in a single hibernaculum (mean duration ϭ 257.5 Ϯ 2.3 days). Among females that died in hibernation (10 due to badger predation and 2 due to flooding), 10 of 12 likewise used a single hibernaculum until death 21-153 days after immergence. Two females abandoned the 1st hibernaculum for unknown reasons 11 and 39 days after entry into hibernation, then reimmerged 15 and 27 days later, respectively, in a previously unused site 2.8 and 7.2 m from the 1st hibernaculum. The third female abandoned her hibernaculum during a rainstorm 36 days after immergence but remained continuously underground and resumed torpor 6 days later in a new site located 3.0 m from the 1st hibernaculum.
Of 17 pairs of years in which the hibernation site was known for consecutive hibernation seasons (n ϭ 10 females), hibernaculum reuse occurred only twice. A 3-year-old and a 2-year-old reused the previous year's hibernaculum, whereas all other females selected new sites for hibernation each year. For the latter females, the mean distance between hibernacula used in consecutive years was 11.2 Ϯ 2.1 m (n ϭ 15 squirrel-seasons for 9 females). The longest-lived radiocollared female used 5 different sites for hibernation from 1 through 5 years of age, with distances of 19.6, 5.3, 15.1, and 10 .0 m between sites used in consecutive years.
Did females use the hibernaculum site for sleeping after hibernation?-The hibernaculum was used for sleeping in 15 of 28 squirrel-seasons by 11 of 18 females, usually (13 of 15 squirrel-seasons) for the first 1-5 consecutive nights immediately after hibernation (X ϭ 2.2 Ϯ 0.4 nights). Once females began using other sites for sleeping, they rarely returned to the hibernaculum; only 4 females slept in the hibernaculum on a subsequent occasion that active season. None of the females used the hibernaculum as a parturition site.
DISCUSSION
As adults, female Richardson's ground squirrels spent 84% of their lifetime in subterranean chambers for prolonged (Ͼ8 continuous hours) periods, either sleeping at night during the active season or hibernating. Females always slept in the future parturition chamber for some or all of gestation, but they never slept in the future hibernation site on any night during the preceding active season. The marked contrast in prior usage of the parturition and hibernation sites indicated that the hibernaculum chamber of adult female Richardson's ground squirrels was dedicated to the forthcoming hibernation period, whereas the parturition site was a multipurpose chamber used for sleeping during gestation and for parturition. Subsequent usage of parturition and hibernation sites also differed. All postpartum females continued to sleep in the parturition site for some or all of lactation, whereas only 50% of the females used the hibernaculum as a sleep site after hibernation, usually just for a few days immediately after emergence from hibernation.
Because of the limited mobility of both infants and torpid animals, Richardson's ground squirrels in these life stages are vulnerable to adverse subterranean conditions. The vulnerable period during infancy is only 28-30 days, and mothers are able to move their offspring from 1 nest to another by carrying infants 1 at a time in the mouth (Michener 1971) . Indeed, almost all mothers did move the litter at least once during lactation, though these moves were usually over a short distance and generally to another chamber within the same burrow system. In contrast to the several-week duration of infancy and the protection provided by the mother, adult female Richardson's ground squirrels hibernate alone for about 35-37 weeks, spend 89-93% of this time in the physiological state of torpor (Michener 1992) , and have limited ability to protect themselves once sequestered in the hibernaculum. Thus, selection of an inappropriate hibernaculum is likely to incur greater risks to survival than selection of an inappropriate parturition site. Potential advantages that arise from not sleeping in the future hibernaculum, thereby keeping it pristine, include minimizing contamination of bedding with ectoparasites and minimizing labeling of the location with odors detectable by predators.
Though fouling of underground latrine areas near the nest chamber would be expected to increase as infants grow, transfers of litters decreased in the final third of lactation, when infants were Ն20 days old, perhaps reflecting the increased effort of transporting large young. Although the stimulus for moving infants to another chamber was not obvious, I could often predict when a transfer was impending based on extensive gathering of grass by mothers. If the prime reason for moving infants to a new site is to avoid ectoparasites or fouled nest material, female Richardson's ground squirrels would be expected to take only fresh bedding to the new site. Although mothers did provision the next sleep site with fresh bedding 0-3 days in advance of using that site, all mothers observed moving the litter to a different burrow system invariably also took 1 to several loads of bedding from the old site to the new site immediately after all infants had been transferred.
Mothers might move litters to reduce loss of infants to infanticide and predation. I have detected neither direct nor indirect evidence for infanticide by either adult male or adult female Richardson's ground squirrels. Infanticide does occur in Columbian ground squirrels (S. columbianus), a species in which lactating females access their nests using small inconspicuous holes that can be plugged with soil (Hare 1991; McLean 1978) . In contrast, lactating Richardson's ground squirrels usually entered the nest system using conspicuous tunnel openings that they did not plug, indicating that they did not attempt to hide the nest location. A few radiocollared females did lose the litter to predation by North American badgers (2 litters in 1993) or long-tailed weasels (2 litters in 1994), but females transferred infants between sleep sites even in years when no weasels or badgers were present, indicating that moves were not simply in response to predation risk.
Although adult female Richardson's ground squirrels usually spent the entire night sleeping in 1 location, within-night shifts in location were more common for females that weaned a litter than for those that did not and were most common for mothers in the 20 days after 1st emergence of the litter aboveground. Increased likelihood of within-night shifts between sleep sites when juveniles were 30-50-days old suggests that mothers were sometimes disturbed overnight by their offspring. That mothers were harassed by their juveniles was indicated during a 4-day rainstorm that kept animals confined below ground for most of this period. Six of 10 radiocollared mothers had their rubber-coated braidedwire collars chewed through by their 38-to 47-day-old offspring.
About 5-6 weeks before entry into hibernation, female Richardson's ground squirrels abruptly altered their use of sleep sites from a pattern of prolonged periods of consecutive nights in each site to a pattern of moving back and forth between sleep sites every few nights. Because the switch in sleep-site usage was characteristic both of females that did and did not wean litters, frequent changes in the site used for sleeping in the prehibernation period cannot be attributed either to disturbance by offspring or to demonstration of sleep-site locations to offspring. Repeated returns to previously used sleep sites implies that chambers remained suitable for sleeping, so the brevity of sleeping bouts in the 5-6 weeks before hibernation likely was not attributable to declining quality of sites. Because sleep sites were not used for hibernation, frequent switches among sleep sites in the prehibernation period did not serve as a means of testing chambers for their potential suitability as a hibernaculum. Repeated use of several sleep sites before hibernation, combined with avoidance of the site to be subsequently used for hibernation, may have the effect of making the hibernaculum chamber difficult for predators to locate.
Whereas adult female Richardson's ground squirrels commonly slept in 6-11 different chambers through the 15-week active season, they normally used a single site for the 37-week hibernation season. Because female Richardson's ground squirrels prepared the hibernaculum in advance of hibernation but did not use the site for sleeping, entry into hibernation involved an active process of moving to the hibernaculum rather than simply failing to resume aboveground activity after sleeping in the current sleep site. Females then interred themselves in the hibernaculum by blocking existing routes of access, after which they remained sequestered in the sealed system until they extended a blind tunnel to the surface the next spring. Closure of the hibernation system on immergence, in combination with not sleeping in the hibernaculum during the preceding active season, further suggests that adult female Richardson's ground squirrels behave in a manner that minimizes their vulnerability to adverse hibernaculum conditions, such as changes in microclimate and ingress by predators. Juvenile female, juvenile male, and adult male Richardson's ground squirrels likewise hibernate in a sealed system from which the occupant exits by excavating a new connection to the surface (Charge 2001) , as do other species of ground squirrels (Fei et al. 1975; Rall and Demiashov 1934; Scheck and Fleharty 1980; Shaw 1926; Young 1990a) and Siberian chipmunks (Tamias sibiricus -Kawamichi 1989) .
Though all adult female Richardson's ground squirrels shared some common patterns of usage of subterranean sites, such as sleeping in the future parturition chamber during gestation and not sleeping in the future hibernaculum during the active season, individuals varied in details such as the total number of sleep sites used during the active season and the likelihood that they remained in the same sleep site for the entire night. Such variation occurred both among individuals in the same year and among years for the same individual, but exhibited no consistent pattern with age.
From a combination of observation of activity at burrow openings and excavation of burrow systems, Kawamichi (1989) inferred seasonal patterns of usage of underground nests by Siberian chipmunks. As with Richardson's ground squirrels, the parturition site of Siberian chipmunks is a multipurpose location that is used for sleeping during pregnancy and continues to be used for some or all of lactation. Adult females of both species exhibit a marked change in use of sleep sites in the middle of the active season, when animals switch from a few long bouts of consecutive nights per site to many short bouts per site, but the reasons for frequent changes in sleeping location in the latter half of the active season are not apparent in either species. Because the seasonal switch in sleep-site usage is typical of female Richardson's ground squirrels that did and did not wean a litter and also of male and female Siberian chipmunks, the pattern correlates more with impending hibernation than with reproductive status. If so, then nonhibernating species of grounddwelling squirrels might exhibit a different pattern of seasonal use of subterranean sites.
Whereas adult female Richardson's ground squirrels do not sleep in the hibernaculum in advance of hibernation, Siberian chipmunks do sleep in the hibernation system, often for several weeks before hibernation begins (Kawamichi 1989) . Furthermore, Siberian chipmunks are more likely than Richardson's ground squirrels to continue sleeping in the hibernation chamber after they have resumed aboveground activity next spring. To assess whether the more common pattern among hibernating sciurids is for hibernacula to be multipurpose sites, as for Siberian chipmunks, or dedicated hibernation sites, as for Richardson's ground squirrels, requires information on seasonal use of underground space for additional species of ground-dwelling squirrels.
